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Dcccnni ;iaiiun oi parcnLtij^r \s fundnmcntal 10 rhc =>riiciv o\ biolo^n^' nnci to rrjpliLaLiuns sarh 7\s the 
i(iriif!hr.»:Lon of pcd',f^:"CCi. Linil tuitions to SLiidirs 'jL* pat c(i[a.;r liavr slrirn[i<;d ftoin thr y\sc nfnn :nsuJl"ic:ct!] I 
tuiuibcM oi hypcr-v-ariikblt* loci nriri nni>mnrche-> o( allcic=. rhnt cnn be caused by uiuULiou m- by Inhornroi-^ 
error iinri thar ran rrnerate tAlie exelLL^ioiiri. Fui ihet'iliui c. moril .sUulicts of ciarcnmec have been limiCcd 
to COiTipaiisOrib cjfstii^ll niinnbrrs of specific porcnt-pr.->;;cny trtplci:! thereby pccci udiii^' ljrt;r-srn:<' ^ui-\'ry- 
oF ranriichirrs where cheiX tiiay be iiu prior kiiuwlcd^t: uf paic*ii'.a;j;r. Wtt prr.srni an iii^roi ithiri that caii 
clett^numc p:oL>aj>iliLy t>f p>arenrngc in circuuijuxi-.cc?; whe^ o there L< no prior knowlcd.ir f>f" pt ^h^t\c onrl 
thnc i? rohiis; in die I.-iCl of triiNsitig daUn or niisiypr<l [Una. \\'v prr'sei^-t rl ira frraii i'>-l itiai^c hvi)i icls Lt:u! 
580 itidj;6e i:i!>]vd.s ihar uvrt- profOecl uiie.g 3 93 SSR \oa incki-iiiji^ sjiiiLilatioi i> aclciitic^n.il levels c>t 
ml<if.ing and ini>[ypcd data to dcmrjr.srt-nU: the uiility 7.i\d rlt:Mbihry of thi.s; .ilf;ofirb-ii, 



DliTERMINA'HON of parctir.-ige is fLuidaiuciiul lu 
the study of rcprochici.ive ar u] Ixriutvioral bie>lut^\ 
The mcrcasincf avatlnhilitv of highly discriminant t^e- 
netjc markers lor rn:ir\y diverse species provides the 
poteaual to uniquely charartrn/.c iiiclividuab at numei- 
tjt.:i) loLi and Lu iiULtmbiguoLLsly resn!\e parpnrage where 
gencLlleigieAl rchmouships are unknown, ii\ ei iOr, Oi lu 
dispute. 

Identification of pAr t^iu-pr<j)gcTiy rclaQonsKips m \Micl 
population.^ of an mm] s ancl pkmLs provides insights into 
the <iurress of wirinus tcproducuvc strateGries (Ell- 
s-TRAND 1984; SMOUSt aud Mh^JiUHhR 1994; Ai.nKRSorsj 
ci at. I'jy9) ^md hab allowed for rhr implt^TTifTi union 
of iri:"iti;igrrricnt proi^rains to conseree genetic cliversitv 
(MlLLHR 1975; FLa.nnai.a and NrnirNTMM IVOT). I hr 
association of pcdi;^ree u'trh phvSK;d appcLiraner or per- 
formance in domestieat^'cl ar^rnab and plants allo^vb 
parcnLs til at ha\e eoni i il-xnrd i';)vnruhlr alleles lor clesir- 
ahle trails rf; roni^'ti '■rlrruvr brecdint^ Droc^ajris to be 
idenrified i'6o^<r.KS and MerlOi i h 1997: S::i'C; /;/ 
1998; und Faddv 1999V The5;e appilearions; of 

associative genetics facilitate fui iher protfr*-vi in grnrfu- 
improvement throui^h hirfdin^ L^iablishment ot par- 
entage i<; aI.^o aseful b.i srcute lethal righLs of i^iardian- 
^nip in human:i. to help pi otcret jnirl]r( t [lal <.5[ir t I \- in 
plant x'-aiieae-s, to vahdritr- breed pcLtigiecb oi e^oIIlr^ti- 
rated :ir.ima1^ v^-'-'-u-t] m,-,, l^ ^^if hsfi jnH idrr.n8' 



[Oorz and THALLiLf^ 199S; PkiMMi- k H al. 2000; Whitk 
H cd. 2000). 

Most itlldies of pcdicrrce h/l\r lilib/rd c-X( In.slun 

sis where the molecular irarkcr genotypes of cither one 
or a resliiLted nuntbci uf potcrnrial tripU^r.s of rjttspring 
and purarive p;irenn nrr compared Often the idcndtv* 
ol die moUicr h nut in qucsuon; the marernal profile 
1^ 'ill bu acted from that of the offspring and the cleduced 
patcmAl profile is tlien cocnpaic^d wiih cv^udidr^lt^ iaibtrr 
(Tenotypes (EllS'i ii-A.Nn I9S4; H amrtck and Sct-tnat^tx 
1955). Indi\iduals who could not havtr contributed the 
paternal genot\'pe arr cveUidcd: the rerniunder are pos- 
it 1)1 1- p:ic frits. Nutipatcmicy- in humans ii? crcncrally de- 
clared only on the ba^ib of excliiiioni exhibited by at 
tra^l !uo iinlitikcd aud independent loci. This critenon 
•jf cxeiui?ion rcdoees the likelihood r>f a false derlararion 
or aanpatennL>- on the ba5;js of mai'ker re^uirs ilmr are 
.u:ti;.;iilv di.;e to mutation uitliin 1!-?^ f !f )t;r; i > . Bi".7n r: 
al (li'y^J show that evidem. r itt,Hi|.j,ilri nilv sin mid 
rT-.,-]uire e\eh3su:>n<; at lr>ci on di^ereiU chroniObOinrv Vj 
a\"oid erroneon.v conclusions that uoukl be* made {.lue 
rr) notidisjimciteiTi at mciosis leading; to uniparental in- 
firt iu^occ. A reqaireincnt for at least three independent 
rxLlubioiib to declare nonpare'inrv in hun^ans lias aUo 
been in^vtituted (Glnn e( fd. 1997j. In viurlirv of nanu .il 
popuiatJon5 of annnaU <'>i |:;la;iK v^drrr ui.nnctoij^ ;jar- 
■-r-.U-pro^aTA' trinlers arr- ev.- nii-i ti \^ wsluJ :o accept 
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SI 1 

r.'91; I-VnrKi'i. nl ( ;h k \ k( m'f^' nl, ' l^)"j't) 

wiiere the nioiliri i> unawuUljIr fui it-siiii^ I.ang 
M99:V) pAui.ill-. ; m-n-li lu ^ rl ■Ik; DVA pi mIIIv; n;\i 

missing crocodile parciiL u>ini;; pioljlt.'^ oT ihc nu:)ihcr 
and proq;cnv. 

CHAKtL\t:(;ii.i V ft uL f l'r")SS; Awd S\ioi.'sr. /ind Mv.AcntR 
{199'V) report c1t:u rcliLince upon exclui^ion alonn luis 
Lisimlly failtd co Lin:iiiibivp.i<ML^lv rrsnUr poreniiry Liuii- 
Lntions h^vL stemmed from die use of aji insurnrieni 
uui:ibcr oliiidL-pciidciiL tivpcri.iritiblc loci. Other stiitLs- 
tic.il rnrt.hcx.ls jrr dirrrrnrc required to CiilcuUlte the 
li.Nchhood of" patcntitv ior each nonexchiclcd male 

(KlCRRV and Gr.tSSKR I98r>; Mi- Vtf^HtR 10S6; MtACHEK 

and Thomi^^dn 19S6. Thompson And ^^^.A<.■.HV.R M)S^\ 
DuvLiN e!al 1QS3; BtlURY Marsh ai.t. nl. (1908) 

dniw attention to the qiudity of data that is encountered 
practicivUy in ^cnot>pic sun.c>-!s. Maternal f^^cnetic dara 
may or may not be m-Liilablc. data may be absent for 
^oi:»0 c->iidi<l'Ht:: miiUb, thilii nui) be rni^jsijij^ (or some 
Irici in sonie irtd] vicUi/ils, iu:ll aHrlt/s exist, ^nd tvpnig 
error.s occur. Rcconstrucdng or vi^lKhiting c.lie ptxligi ees 
of vTirictics of CLUti\ated plants often pro\nde<; additional 
chatlcngei because their phylo^^cnic.s can reveal appar- 
ent exclusion^ that ma:iqueradc as non-Mendclian in- 
heritance. For example, apparent exclusions can occur 
in eirenmbtances where an indiMdua! is vLscd as a parent 
pnot Lo Coniplctiori of the inbrccdmg process. The dc- 
vfloprncnl o\: parent and pror^cnv then continue on 
paraJltrl but separate Lraek^ iherebv allowing the possibil- 
lly thai allrlrv dial A'.r snhseqticiHlv lost through in- 
l:)rrc-dirig in dit: parriil c<)ii sdll t:>cLonie h\ed in Ltic 
progeny. It is also pO-SSiblc CO crcaLe juany ofiipring from 
a smp^lc marni:^ and to use tlie satur p^rrrU rrprattrdly 
in "backcrossmg." Therefore, manv individual inbicd 
lines, vnriedes, or hybrids can be highly rel^itfid. Tn con- 
sequence, there are numerous ^and often veiy similar) 
pedigrees. The cfl:ecti\ e number of marker lori that ran 
discriminate bcnvccn nkcmaro pcdic^rcci is propordon- 
allv reduced as parents arc incLcasinglv related. Const- 
quentlv. mbrcd hncs can be ntor^ .smidar to one or 
morr si^itr: or odier iubrcdi: *.han tho^c mbreds are to 

(.!fir or bol b rhrir p.ir<;nt5> 

It ho> no: l:)een ommI Lo j-circh among hundreds ot 
iTidiMduids to identih the moit probable maternal and 
pAirmal randirJ/iies foi a speeihr progenv. Most studies 
of pai-entage are in cirrumstaiu eb where there is a pr^Ajn 
mfomiation for at least one of die j>aieni.< (u^sn.^llv the 
maternal parent; . L.imucd av<ni.il )tliiv ( jf r^-jarker Uxi and 
the lack of verv" luc;h throuelq ^it e;r nor\ pi nc; -^vstems 
r.Kif-riT^j- in -■■*rirr.si\ f rl,i::inr:iin r r-.st^ nm'.' hn\c focit-^-od 



t;^;•^f.* i.i (idrrLaken ^>n birrls lil.U pi.M. ntA- Ijiood |:):ii;ibiL- 
is]!! (AiDi-R.soN cf at. l-)*Ji^i Cm t \h:i-p:ii !' rDpiikition 
(\\k i"r(>N tt aL 191^2) or on species siu \\ ;ls die \vombat 
-iir (JiiiiLuk Lu ob>ciAL- in J:e ^^iU: |'] A^IC)K ai 

Fwo rircuiTisUulces fa\or a re\ised approach to t[it; 
^^.LLl^n^Ld a[ialysis of pedigree. First, molecular mar'krr 
technologies are rapidh- dcxelopm'.; and u-'Jl al1o\c nn- 
rrir[(:)iib loci to be typed for tlioiLsands of individuals 
taj>id]y itkI incxpcnsiveiv. A greater nLniiber anrl divei- 
sitv of lar ger-scale studies of pedigree can he expected 
'ivithin the plant and aniinal kingdoms inck:ding individ- 
uals in which there is no pnor kno\v[(;rli^c ot pedi,grce. 
A knger lumiber of markers mean a g reciter chance 
fcjr rfcors. 1 hercfortr, the second circumscance follow^s: 
Frorednre<; that are efHcicnt and roKnist in the face of 
apparent excliLsifjn.^, missing daia and kibnratoiy error 
arc required. 

Tlic puipo.se. of this article is to dr.M. r )l>r and evjhiate 
A meliiodolog)' that can be irsed to f[uantij*y iIk probnl.nl- 
iiy <.)K parenfage of hybnd <^cnotypes, VVc focus on par- 
(MUage because it is the primary fcKus of published litcra- 
tui c and it is the easiest level or .'tme^lry to understand. 
The method is robiLsr in the fare of nnit;uioTi, pseudo- 
non-Mendclian inheritance (app^irenr r.>:elnsi<:3r\s) due 
tc^ residual heteror>gosit\' in parental seed .sources, miss- 
ing data, and lahoraton' error. Tl- e nuMhodology ha.s a 
number of ad\antage.s: (i) It can aec<-Hnrnodate lar^ge 
dataieti of pos5iblc ancestors (hundrerls of inbreds or 
hybrids each profiled bv >100 marker \oc\). fii) ir doe.^; 
not T-rqnire prior knowledi^e about cither parent of the 
liyl.M id of in Let est, (in) it docs not require iiAclcpendcnce 
of die markers, and (iv) it can succcssfullv discriminate 
bct%\'cen manv highly relaiecl mtkI ji^^-iit iirnliy .similar i^c- 
notvpes. \Vc demonstrate the eireeM\rMrss of this a[.v 
p roach to identify- inbred parents of \•^\^\/& {7m mays 
L.) hybrids using simple sequence repeat (S-Sli) marker 
problem for 54 mai/e hvhrids ror^rrhrr with rhctr pnrcnr/il 
and ?randparcntal gcnot^pc.-^ included among a total 
o: j-SG mbrcd lines. TliC meth<")d(>K>g^ iv a|>[ liciblr lo 
the investigation of parentage for .ill pji. iv^rdv drvrloj-)rd 
froir: parerual mating- ^^athout sub.icquent generations 
or mhrceduig 

NlAT£Rh\LS .AND MLl HODl- 

.Al^odthiii: Consider 3n index hvbrid -^hriic parentage is 
i.Diknr.wn or m dispute. Inbrcds m :ui .iv.iiljblL (.[uULbait aic 
jO>ijti(- ar!L'-itO]> ul tinj IisIjiill. Fhr i^Ij)r< lar j.n Lo die 
pi t>lii/h'l;nr-> fif closr-a ,in( rsr;- t'nr i>ihr;;rl i-,n -hr b-T-n 

vi II tlcriiiLitioTi from S-SR.^ from rhr ini";c\ l^.vSi-id nrd rhr 



':pi 'I'diicn-. 
- 1 1 1 . . i M , 1 1 r r : 



J-rh,. i.li 



:s mLkid:. 



r^-:;■ \-'\ ;ivir 1 
„ r: J :.l 



_i ;:J_>i^..'. 
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L.ct n.. / SSIo- vrand lIil ;pC-:LciK'i! pi ol\.''Ml(f\ 
cIku ' .incL /.'.rr ;>nr(;>lor-) o[ *Jic iiulcx Irv tiru; ';i\L:i ^^\t, init.'i-iiK^- 
Cion frnm rhr vnr irm^ SSRs 1 rr PC/, y) stnnrl foi" rhc unronch- 
tioiKil (tij p; I'.H J j; < tltiil.'i::V. ol '.lie l^'liU. hiiui U 

TlS.SR.'i i, ^i) IS i)ic; ::'ru!)ai)iiii\ :)L c)I>s(:rvii i;; \-a:i;)iis SSR 
rcsuU> \:\ faiv. / nnJ ; .n'; n^ccscors, Bnvr^s" ink- sovs 

'A'hrrr thr simi in ihr flr'rioinin.tlor is cAcr .I'.l n.iirs of iiihirds. 
inciCNCcl Hv unnd /-'(.SSrL«;l^ '< /-'(j. ;) one of the fiTins 
ill chc dcnomir^aior ("I'o conipMCc tl^c dciK'ininator in rhc 
itlxjvt; trx.pVtri^iioii . [j> ?, [jii i ciciikir Oidci I'j Llie inf"jt«^dj iii llic 
rir^r;iha>iC :ukI rake; if < v .:\ c\p7-t:.s.s\c; ns in\nlMUi^ the pair i u. 

'f rhrrr art- iSb inbrrtl'i. foi r\.imp!< , rhrn iltf nujTihri 
of poii S nnd cHe inin\brr of Terms ui the dcnonininror 
386(587)/2 = Tnbrcds : ^nd 7 mav be parcrits nr 

L^rdjidpai LiiLS ut ud^.e: c>pcs ol" rckuiuni 01 bcai [lo t ckuioM- 
ship :U all lu the hybrid, li dici e Lire marc lMlIII iwu aiiccsLoii 
;_ „ i-'aLohiLLTC -til* ii lLi bwLh pjiircpi's inrl ill f^Mir rpirdp ir- 
enti, [hen the possible pair"; involving rhcsc anCC5iOr=; wdl 
tjcnc rally hnvc ihc highest postct ior probribilitics. 11 the hv- 
brid'.-i LUC parcrnu aic in iViL duLdbeist:'. difti a paii Lhcy 
rypit:>^llv l'..rse Lhc lii;_d it:>.l Ovjrall pusLLTiu: pi (jl^abdi . I( Iji^^di 
i nud y ha;->prn to he rclarcd :o onir pni rlrnlnr p;uc:i: C)f rhi- 
hybrid, then a pair their posterior p)-obahihiv he \c\< 
bccJVLisc they will not usually accouni tor nuuiv ol die allck;. 
thdt arc LOiit] ibiil-cd by iht u'Jici' partr;iL u: Lhc liybiid. 

will iiiiikt! dit? '■iio-prior-infrJiTiialion" ;(Lssuriipdoii LiiJit 
P{u. v) is the same lor pnir^ (1/, x'). ThU implios ^h.jr ilu^ 
Fac'.or is cancelled bom both nuineiator niui donomiiintor in 
rhet above cxpres^iun, lovMiL,^ 

The pi oblcm is then (o cnlculntc n cvpical P(SSR5. i, j). A.s.'intnr 
nibredi raiidj ;ue botli ancestors. \Vc LalcuLiLd ilit ptobabilitv 
nf nbstrrviTii; the rt-iitldrr^ hybnd uridrr chis xs-surnpnun. \Vc 
mnki' nri :-is^iirnpf ioT' k ;-il-)OLit rrl-.ttinTTihip^ nmnnjr the v-anfJlL^ 

inbred^. Other po&sibic ancestors \vill be considered ;nipliciily 

in ^hf nlr , il rifi n }iv :i 1 1 c >\A.n n ( ' fhi-ir .ill^'lr'^ fr» in rrnr {i Uff I 
ihruiiL^di bi tctlii l^b \vidi c and 7. Htnvcvcri , die iiaLuic ui itah 
brrrdint;.*' ^ not spcLihcd. Siip[>f).sc inbrrd fs a]lr?r'^ arc {a, 
b ) , Each dr«;rcnri.inr of inbred / receives one of thri.r rwo 
alleles or not. An immcdiacc descendant receives one with 
],)robabtliL> 1 (barriiig mucadoni) A stf<^ijr:d j^triitf ration dc- 
';rrndaT^I. le^ceivtr.s Out: ol thtrrri with prcibabi li t>' 0 3. .\j:d 
on. SuiLC dc'^i cc uf aiii-c^ti^ (if any ) 1.-. uti k i !(7ivti . bibrl iht 
3rr -1.1l prohiihri n,' of pa'vsiri\; rin on" of rh r'^r ;>llrirt, to bt- 
.SimilarK-, nn nllrlr from mhrrd ; hns been p,T^-<ird do'.^Ti rn rhf^ 
Iv- biid 01 :iot. and :hc pn,*biihii;:v n[ ihc f^jiniei '.s P In r.nc 
following, y\^]!l be t^'-ACri to <;CiL.al U.-'J, al di lv.uj n wr -diO 
Con*iidt:r P - lit >c)i[itr (jf chr ralriil;r :ons. 

.As3iimin§ P = O.'jO rnrisrstenr uirh rh'"" clo^CT^t anrrsfoi^ 
in Lb^r database beia^ <^i"andparc:]Li. Hu\sevti. we aiC not 
inrrrrNtrd in ;^rai idparci iLi fji-r stL If rhr ci'jsr^r aiicoujt^ in 
the dat:ibn<;r wrrr parrnrs, rhrn as indir,iTeri .ihovr Psiiniild 
equal 1 lignonnjEj mntations and lahr>raton' eiTOrs). <!)nr pn- 
ina; \ LOiiL':'! n is ^.vb.eii iht paifriisarf iioi m ditr dai.ib.i^c In 
rh) w;ivr .'^ rs ntj lji traLtrr- than h.r-O. A>'^n^n^l'.-; P— OAO ;s rf.d:;i;-L 
over rhr: niiddlr ran'j:tr of possible- vaKicrs of P Oni ivd\ iji 
\',-h rh 'T 1^ 'v>ib'ivr is \\ t^'r-'r- mi;' br 'nMr:TrT"r-:. .:r'H !;-> lii ,r or^. 



Sir. 

.u c liktd^ Lu \><r. LdrLinru-d bcajn.^r' Mk> u:%na;;v lia\ ;.• the 

lv".v('>l iirsnin rr h(.\-; of 'lu- ! re*; » ii'-.i<:(.;l;.1. 

^Vht.-^i r ai'idy arc i\\\C\:?V.)\-- d;c:r iirt- four possiSdirics, ' t 
Thu ailflt's nf ho'h mbrrds / and /''Were passcti to the hvi>Md 
\ nihi\-d ; c.H';"ic d' r'/i.^'-. mH ndirvtl ;. • !' . nd)r.'f! / 

canK diruMgh hwl n-jt mbiect t. aval nrirh(.r inhri-ri ranx' 
dironj^h, A?-uini:ig irrrrx-nfirnc^V thcsc have i cipcCCJ^C piulr 
aSllirKS P', /"(I - h, h\ - r\, (1 /V. Ii: lIk: ^ax; - 
O.jU. al; of dit.'st' p; obi> I )i!i Lies t ipial 0 2^ 

An ins:ancc of dir br.v ;>f lf>U)i prtibaliih ly tSec 5-3; BtiisRV 
l'.>'.>b) is ;hat chc probabiliTy of ob.M.a^\r;j; a by hi id's alleles 
die average ol Lhe conditional probabdjty ol tins event i;:\cn 
die above four l.l^cs. Tlic: snnplvsr of rfic: tour r.isc'.s is du: 
'tis; pcisiibiliiy: ^Vssiirmn':; rhr hybrid's alleb s are pa5.<ied dn'v(,ii 
direc tly from both Inhrrd.s, rhe pri^bahilitv ol Oh<ei"^iT"ig t.he: 

hyhnd's arer.ot7,pc 15 cither 1 oi 'J depending on \>lK';her the 
hybrid shares both mbreds' alleles. (Il i^ tiipecially eaiv when 
both inbredi ate homo/vj^ons. i Tbtt odicr ilirec ca^e^ rt:qLiire 
an asiumplioti rt;;s;arcl n^ rht: poss.bltir^' ihat an inbird'.s alltlc 
is not pLissfd to thr hybrid hut \^ inTr'rTnnr(^d by n. rn ii ':i:i<Jii. 
a Inbomror^' error, or i^^cT^■enirlg^ bt'CCCIing. Wc rej^ard svirh 
an allele as being selected tVr»m all kno\'-r: alleles with probabil- 
ity 1/ (ilLiillbor ol alleles), where die tiLunl^tn of alltics i:i che 
Vu'^x. nauibii ot'allcltri kuu'.M; Ic) c":as'- .it d c ax ii.': in [picid-jn. 
An ;d'rrn,4rivc approach \«.'niild he to MsC the a'-cbc propor- 
tio\i5 that arc present in the database (or \\\ anodier databa:c). 
Ho^^ever, the lines in the daraULit nia\ not be randuir.b se- 
lected (rctni any popidatton. for exanipie, a bni that lias bee-n 
bit^hlv LLiccl in brccdiii;^ w<.aild havt: iii:inY deriv-arivt^ lint:> in 
the database, in vrhich case the bcqneneics o'' Ils alleles will 
b<i arlilieiaiiy inflaletl. .Ajisirtniin; rqual prol:';ibiliLir.i f:5!' 'dit 
\arioiis alifdtts at a eivrn loc.ns \s robust in rhe s<'rsc' that it ,:i 
noialtccced by adding and dropping linos ironi ihe da-^^.base. 

There arc many r;Lst:s ro ronsidrr when ennnpnrin;^ :ht: 
pt'obabilirv' of obscA'ing a hybrid's alltlts, dcper.ding on :hc 

7:%t;(5>i(.V of die liybrid and the inbrrds, and arowint,;- ft^r the 
posstbilirv of missmg alleles or "extra alleles" in the assessment 
cjf lIic hvijrid and nibred ■^t navy pes. Thtfic puiiibiliUeb are 
tou nuiiicrouii lisL. Inslcdd we t;ivc thiec >iii.pte exdiiiplcb. 
.Ml th« examples have homo2\'goiis inbreds. th.e most comnion 
eiLse. .And each of die three hybrids hai 'wa alLlei, aLjain 'hr 
mosr roinrntm ea_^r_ We suppose ihat the nu'Msured alleles for 
three SSR-5 and .i parncidar rno of hybrid and ancc^for inhrrds 
arc a5 wc have incticaicd in lablc 1 

Far SSR 1 there Lire three knovn nllcles, one ni uddiLjon 

to allcLCs (1 and b tb^ir arc lined for :he three lines ; hvbnd. 
inbred and inbred f\ in I'abic 1. Koi" ^SIC '■^ and SSP> 
rhrrtr ..ire Lwt) kir_>->vn alleles ;u adciition to ^Jv^^e li^Led. I !"iC 
[:,ll( uLiti: m in rhr: ri'^hr half n: T.^hlc \ \\V\\ nn\* hr t:xp-amed. 
Iinplicit hi calculaang /'^SSR; '..j) is tnc a;^Liir.pQor.— rcqui: 
in b<jdi d;r n umc; i-.Cui and fJcnuiainaL'-': of B^r.cb ^ .a-r— lba[ 
inbred^ f and ;' ni-e rir.resrnr^ of -he h\hrn Cnnsidrr .S.:sF 1. 
In La^e 1 abo\e. both ancesto:^' Jd'ele^ (."l. in;-asiiicr; Yw r.hc 
labornTorv prnrrs<;) tltc. a.^siimed ro pa.^'^ '"o rhr indtrx hvbrid. 
anct so m vhrs case the hvbrid is nccc5?nrilv The prnhahiiitv 
nf obscrv-tTiifc; the aelnal tubitd s ^cnoLvpc is 1 foi caie 1 as 
shown in Table I Tn r.-\sr ^, we assnmr rh^r mbrrd allege 

pa^^es Lo tile hvbrid but uibred/sdccs r,u'.. Indeed, the hvbnd 
his an n. aladr. Thr prc)lxib:liiv of ohsrmni: a /' .l.s die ochei 
al A iC" ts ( , ' I n 1,1 n-ihrr <:.f nlie'csj = t ■' S. rv> shown m T.iblr 1. 
f uitr 3 :s i^rrular In La<c 4. nri.ther ancrstor Mle;c )5 p.-'.'^^er'. 
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Frobnhilin. of obscrvini; a h)^rid"s altt-les usin;^ iJirt-e iample SSRs and four povibir cnmbijiauoili (cases I 
ol alleles passed, OS^iiining thnt labrcdL'^ i and j arc unccstors of the hybrid 



.SSR A\\r\r< Mvbrui Inhrtd i liibita; ;. / >, fJO^ J !\^' i. i rh>f >, j rV;.S5R|j\;) 



1 r.:> an 1 1/3 \.S ^.-9 17/:>b 

2 ^-^i W C: 0 \/j 0 7/lO'.i 
6 «/j re /.>f; 0 0 U 2''i-K 

SSR '^iinpltr >ct(.|Ud[iLc rcpeuL tiiLirkcj ptuiilf. 



but it is not conclusr.c. For SSR there is even trvififiut- 

favoiiilg pail Jl il •.voiud nut wkc rn.iny 53Ivs -ahIi rvKu:;ur 

i.inul;ir Lo ih.M lor Si^R 3 HO ciseniicvlly rule oui chi5. poir — 
proi.'iHc:d thj,L ulhtr pa.ii'i ai e not Miiiiliiily niCunStiCC :"it. 

To rind the ovcinll ASSRsI:, /). mulfiply individual 
P^SSRl ',_;') Ci^'Cf '■he v.irini;^ SS!n.s Tht-ro 7\tc pnrrly c ''>inpu;;)- 

0 HTul 1. When tlitie aie ii gje?.: many ^Slvs. tiic pr.xljct 
thc?C nuniber^ nmI! be \kitu.'i:i:i;£^ly biiiall. fa Icsicii p: (->blcnii 
v;)ih computatirinni iinflcrdowv for riuh SSR ur niulLifiK 
A'SSR ii. v) by the 5i"\mc const:\nE for coch pair {n, i.-r fh<' 
inverse of (Jic lartrosi ocisibLe such pi"ob."ibinc\'. tor cxnmpk'. 

iinC'.' 1 3fi rhr I'ln^^^sL piDh;iljiliL\' for a Iitf LcrozvgoLui IivI m xI 

(tL an SSK h,is-iiig rh-ee ?A\tW.s [a.*, i.s rhr m/if: for SSR 1 in 

Tabic 1}, wr multii)]. .Ul fjeturs /'(SSR71u, v) bv 3b/ 17. To 
rhiiiitiLiiti 1 t:ai*iji;iii^ .>;(>blLnii \mLIi viildci il 0'.> . v\C CiO ca[Ci.il3- 
tlons vi*;injK^ Ujj^^ricr.TUi (addinj^ instead of iiiuluplvti^g ; ajul 
take analogs at thr rnd. 

I'lic pi*obabili[\ f'(SSRl(i, f>) c^leul^iced forall it) p.iirvi 
Mnd sLtitinicd uve;' al- pcjsiblc paii ingi in the dniabasc, incinrl- 
:ng thnt for the inbred pair ujidei coniidtfitiLioji: \i. f) . I hii 
gives the dcuomin.^ror in rhr cxprc*i^ion for P(i, /LSSR.S). 

To deteimiiic the probability thnt any p^rncvdar inhrrd, s:w 
•ni>rcd 7, iS the Closest ancestor of the index hvbrid, ^um 
PrsSRh, ovfi all inbteds v \\\ih v "/ i. Call ihjs P(il.s;^K^). 
The n\;ixirnum cif Pf ilSSR.m for :inv iTil>rc^d i j.s I. But smctr 
tficic is one cl05C5t onccstor on e:>ch 5idc of the fHmily, rbr 
suiTi ijf HilSSRi) over all inbrcds i is ^ If there is n p.^rri^lI!:^r 

'jair foi v^hich / :-SSK.s} ;$rio.5C CO I then borli P' j LsSRs; 
;!nd P(; SSR.S) Ncp.s; ..Lch .mII be cJOic lO 1. 

V>K data*. DNA w.i.s fxLracLcrd from 54 iiiaixe bvbi :di and 
froiil Ii^b ra^Jzc inbn:H'; A:l of"" the H\hrid'* anH TTif>sr n-'irrH-. 
:ir{; pinprirlaiv pff/cLiLLs ol ^Kjrim Hi-BinJ hi Lri ua Ln m la. . 
some important oubf.rlv hrrri inbrrd l-nrs-Hrre in chidr t.. 
The ii:bied pa;i;'"t;^ ^nci ;jT,mdpai efus of ea».H h;,}>ricl .mt." 
inrhidrd widnn 'Jic ^ei ol uibredi. Other mbieds chat were 
;:]jcnorvpcd in chide ni;im \h :±' arr hiehlv rrl^itrd by pcr!:^rL tr 
to paieriLS and gi andpnicn:s of the hybiids. The hvbrids \v<-ri- 
r'nosm brcaiiic each hiii a pedigree that is knovNii to tif o^d 
;;r»tlcr nvrlv tlirv rr:]:r^c;u. a biuad aiTay uf di^eiSiLv ol inii.^C 
^tri'moUism that rurrmrU tp-rnvn in rhr T 'mrrd S*ar*-'^ rar.'.;:n-', 
frniTi carlv tO latC fji [■ i : ; n. 



{M>: 17 SSR loci ha^'c not vci been mapped. "I hc con-elnrions 

jjiiOj'i^ dm loCi arc "ndkriO'^vn a"id arc iiTc;c*'ar't for ovir rncTh 
odoUji.^'. 

Srrjurncr diitii for priineri ihaL tillow muny of dveac (and 
Other) SSR lori rn hr rijv^iiyfd :\rr nrailnhlf ar. wr)>sirc hiip: 
\vv-\vO;^i'0!"L.m:^"iOVi H efl" All or imrrs urrr d*^^i(^ncd ro annrrl 
,ind ampliiy Lii.cita a S:n'^le .^ct ul' CoiidUiun.s Ic>; I'CK i; i 10-^1 
rc'^crions. Genomic DNA (10 n;^) wa.s amplifieti ni 1.5 :n; r 
M^CT, 0<) JTIM KCl. l"» niM Tn?;-C;l fpH usin^ O..'^ nni's 

AnipliTaLi Cold DNA polymerase Corporation) ohjTQuu- 
CiCOt)<Ie primer pairs (onr pnrner of t.'aeit pan* was fUiOiev- 

ceirjy labeled) at OT? |xm ai^d 0 - niM clNTl^^. Thi? mixrure 
v.'iLs iiiL-Libated at yj'' tor 10 i^iiu ( liot Start); amplified us^n; 
\~j ryrl^-s of drnarurarion ar 95 fDr 50 <er. annealing W 

for 30 sec. c>; Tension ar 71!^ ictr ,^3 sec; and then '.cnnnraLcd 
at for 10 min. A waltti batli d irMiH)t:vi:lt-i nia:j uiae Lllj ed 
a I r^onccr Hi-Bicd rntcn-.^rionTil wns U5cd for PGR rcactioiii. 
PCR pnxiuLi.s were prtpartd io: electrophoresis by diluting 

3 iJi.1 of each product ui a IomI of 27 ja,l llsiiuj \± cuiiibmaiio.l 
ol rCR products gener^ired frnim orhrr lori for that svinir 

mair.r ^entny-pc (niulcipleMiv:;) and/ or dHl^'J. DiltJtion of i.5 
\y\ ol this miNture ro 5 \l\ w\rh jrrl londmg dyr was perfonned: 
ir wa.s then elcctrophoresed nc 1700 V lor 1.5 hr on nn AFU 
mndrl %11 au torn died DNA sequencer equipped \vith Cf \T.- 
i>C-VN Soft^^■arc V. ?.0 (PF.-Apphed Bujsvsteins, Foster City. CAi. 

PCR prod-acts were sized au:otnatically usin;^ the "Inral 
Scu-iflicrn" 517)1-!^ nlgfmrhrn (El nru and Soutt!ERN 19H7». 
Alter sizing of PCR nroHurrs usii:i; CmeScan. alleles \yere 
a.v-,'.L-[-.ed nsiiiu. Gcnot^pcr sofi^vnvc (PE-AppHcd RiQsv.srcm> . 
Gcncrridv, j_ss;t^riaLi[JUi for eu'.h lOCitS vs'ei'e made on 

c;;c baili of hLSto,^ram o!ot^ coi" >i.?tin5 ol"' 0 >bp hm.s. Bi e.v^s 
h^-:r\.<-i-u rhr lii-rosnrrri p>>r' r,^ > 1 hp wi^ro f^rnrrall'.' ror,:;',:! 
fctn: lu ConiLitUtC SCparaViOn be':^>'ecn al'rlr bm^.; howcve:. 
r^rhi:!- rrirrria, ^;it:h a^ 'die pie^ejice of die n onfc inpla 
diiected addition of nHr-nmr (-t~A ad(liLion') and uaLuraLl*. 
orcurrini; l-bp allcks. were nicd on a m<irker-hv-m/irkrr b.l^:^ 
to dehne t^e .illrlr flirrionar^ All allele s,cci\ts i.;ere made 
\nthoLiL knovNing the idennnrs of rhr m;u7c t^rno h. j>es. 
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Prubability of ajicesti-v of five hybiids usini^ di>U obtained from 50, KK), and 1^5 Si>K loci 
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I f nH)0 r(.) (I '-U'3:'v Fur : •'> lu brids, boiti puK^-'Us luiH pi^l)- 

U'lllmo i..>l .!tlLi.^!r^ CI r\LCNN of (V:J')'_> I'rotl.lijMlUVS n: 

anLX>its lur nunpuiciu^ ^h.w l Ajikcd in fir^L ov wikI 
plato wctr 0:-J\rjO 10 l.).70:>4 Tot the inaM.i!U\ n\ 

hvbricl-. iht* pT (.:>h.Lbili?.- of the tiurd lAiL;)-iL<t. ri:'^:r(l 
noiLpiircnuil inh^t-t! ^\as Jt or bcluv/ t-lfb. '[ his indic.rLt:-> 
tiiui 'hoc Ubi.aiU vctv litrlf^ unccrt.uiiu .'.bt.ti.ir t losCNt 

Wl-icn itu' ithm i;5cd 0.0f> lo L-xaminc c;k ;i 
ofrhc 34 hvhii(.i-s, bt'^h paj'cnLjwcix* c Ot't'eo dy identiticd 
tni ^1^2 <'^iy%'} hvh.nds and for 9^^% (102/' 101} of chc 
parrnL'^ acioi^^ all Iv-bi'ids (FigLirc 1). Twu hyhritU ("914 
u'kI KO^IjA.i. ;ii ^vhiih one parent wu^ iiol r^mlvcd in 
thr Top nvo. ucrc in the subset not nuiked in the 
Ktp nvo rLSsumm^ P- 0.50 (above) In both c-.v-;^*"; their 
ninks im proved (both lo ihirrl rank,* zind the actual 
parriii was suppldrued bs' an inbred Lhat wd6 a diiect 
progiMiv of the correi.pon<jiog parental line. For 4^^ liy- 
btict>i. both parents hitd probnhiliTicrs> ot anccsliy in rv- 
cc^>5 oi O 'JOO. .XniO'U^ rhr ^ h)h/rids hiiMii^; lL uaicui 
ranking srrond with a prubabilily of ancestr) below 
0.999. the lowest of thiesc probcibili hes 0.S976 and 
the hii^hcsl pTDbabiUrv for :\ third ranking lujiiparcnt 
ivas O,10t:!-V l^or- most hybnd^ the piobabiliCTr' for the 
rhird and higiie-^t ranked nonp<.irerual iiib: (^d \va.s at or 
brlov; E-10. 

l'al)U: 2 al5o addrci>ri tjata analy.si.s in eireumitL^nce^ 
%vhere hefero/v^oLis loti occur in inl:ired Irnes or where 
a hvbritl scort^d for the presence of fnOt'<^ than c\vo 
alleles per locus. I he presence of more than ;i single 
iillrlr per locii^i in inbred line.=! is an infrcqueni OCCUf- 
renre in well-rT:airiLai:ied Inbred development iind s&ed 
mcrC'Lstr programs but pos-sible bet^ame ^3-5''o of 
loci can .>tjtl he .se^^rcE^CIng and unnuended pollination 
from gencitypes not dcsigru-iLed as paretiLS of the hybnd 
can occur Kor hvbndi, more than two :^Heles per locus 
rar\ be scorcci wfiei^ DNA i.^ extracted t'rorri a bulk of 
indiMduai plants And hecau.se inbred pan.-nVs ."n'r not 
hf jnior. Lzoi'.i ^.I'.ir riilirr to residua] hctcro ty^<.!^-i --^^i to 
(.,_ '1 i:irnir.at:on or brru'.i^r Ot^p cu' more d:rcct pj.*-n''-"= 
of ;f r !"Ab:"id arc ihc msr K'r.-; nvhrids. The prc^encr o. 
nioie piari one allele per- locus iti an inbred line and 
nioTc {h.io two alleles pe^ toens ni a Iv/bnd theretore 
can be ac conimodatcd b} nuiUiple iT-ns of the aJgo- 
nrhm, each wiih a random choice of two allrlf^ per 
Irx.us C.onieq"jend\ . siandai'd errors in the ca^je oTana- 
]%zniK <l-'t'-"L bom lyj IcKi le';d lo \>e ven^ small becuLsr 
:hcic M-er'w tr\> Icjci where an inbred Oi h\hnd sample 
fiVoni a bulk nf uul :( lual plan.rs' n^s sroTrd iVi: tnoic 



'M] \[\}. Fust, \vr; rrch:<-ed the nL;tnt)er ut S^Ks u^ci h on-*, 
[:w fuil ^eL uf lir> i.o [no aiul til en Lo f.ii.th: IJ-e 
of 3t) !0(.i j^^rritM'ated iuLoriecL lankuig^ of<.>Hr patent 
hir eacii of 'u^> lv>b;ktN i:>4l7 Lind ^>mi)! aii<l foi buin 
parents ril <:)n<: hvbnd ;;>9('riK All t.if these most hi;:<!Tl\ 
ranke-d not^parental inbieds At.*ie closelv rcbted to the 
true p-i-'Crif.s ['or each of '.he r e>;]:)errive hybrids; six differ- 
rni inbred lines \ve:e uiv<,)l\rd Ft>uj we:c direct prot;en^ 
of iht: true parents (one \MLt; acldutonal barkrn>Si>es 
from tlie true patent) and two were iuM sisters (from -i 
eross of highly related inbveds) of the actual pareni of 
Iht: hvbr;d. L'sini^ 100 I<h ( rt-snlird In correct pvueiitui 
rankings for idl tiybrit.ls rKcepr for 2>£Q5 wheie i^eithci 
pareni ranked in first oj- second place Four inbrecis 
auU .Lnkcd the true parenu of '^'OO-S- All four nonpai en:.s 
w.^,^j^ /^"[.-vr/iiY feinted to the re^'peeitv?^ true p^^renli, rh. r^re 
urre direct pro^^eTu ot' ilu-' true parent ot tlie liybi'Kl 
((.Mie with additional i.>aciscrosstng to that pareni) and 
one a full iUlcr of die taie parent Use of dain fi rm^. 
all 193 loci coiit;rir<l ihr [jlaccment tor one (.>r irii: 
parcur.-, of ri)'brid '-^yOo Two i[Ll.>ieds rhar ^vere nut par- 
cuts of thi.s hybrid remained irmked more highly ihat^ 
one of the true parents. Both were direct progeny of 
that parent, hrc^ *:>ne of ihc>c inbreds had additional 
backcrobting to that parent in it:; pedigree. 

To addr ess the consequences of [aL:<.ir':itojy and other 
sources of en'oi', u^e araficially coinpi OjTiised data qiial- 
it\ bevond the level originally provided by eliminating 
specihc ptoportlons r>f alleles that had been scored (cii- 
tablishiiig scenario-s where various Alimber.=? of 55R al- 
K'lr^ were not scored) and bv niissronng other allele^ 
((rsiafjlkshmg scenarios uhfrrc various ntmibcrs of SSK. 
alleles were scored incOfiectK*). We also combined the 
^renarios of missing data and w-roncrlv scored dai.i. Table 
3 contains a suinrnary of the results making these 
modificationi in tlie data. For i.dl luodiHcarions we used 
data t"rc>fTi all SSR loci and we also raiidfnnly chose S5R 
loci to creatf- snbset5 of 50 and UH) loci. In each c;ise, 
the pri;)v:',ram ^s'■as run '-^0 unir< lir: each hvbncb ^ei ot 
When all I'Jo ic>ct wrre evammed. repl;':niion > dif- 
trred ordv accordir;g to the parucular chance ol alleles 
for lo:.-i wheir more tlian two alleles had been scored, 

To e\':.ih.i;ue robustness m ihe fare of missing dai.a oi 
mis Lv perl rjata. we simulated iudaidual and com bio ed 
categories of these data in the hybtid and all inbied 
lines at le\els of 2. o. 10. and '2:r o of the alleles for each 
of hvr hvbrids and .ill inLx etts bevond the level (Tefi or 
;l.s n: i£;inallv scoreci bv ttir labt n riiotv W e e\aiTiiri<=d the 
rfft cLs of these le\ei> aj-hI r^-pcs (if error lor- fhree sues 
■ V databa-^e: 50 ir„- i KiO Ion ,i;iil -ih 1^"> ^co:cd loci 
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n. A. 1 

:r,c hvhiid^ ii^iiic; sub^cLs :*^> aint lfi(t loci :\nd all 

raiik;Mu !:uo the cop L^n places ai^ picsciUccl Ot.'Kr.Lcla- 
iiu-A ill ilu' |) \ :i;: ciicuil :.i:ikinu nl p.».!t. :TL mbrccls at a 
; nrL*"vV .ulc.litioTial missiiiic ci.tc^k -.viis shown for o:ie 
h'.i^rid [[\5'25) wich \i<.\^c of 3<.i. 100, or .\\\ SSR loci. 
DcL^r ,u!.Lti()ii in the prcfrrc ntuxl rLinku-i;< o[ pilicat in- 
hiLiN ;n .1 lt;vcl ol :iiU\\Ui^wA niisscorcd diiui 

slnAvn tor hvbnrt When both ;idfii:innal Icvch rif 

itiivsiir^ .uilI riiissi:ored di\u\ wctc ^irtxil iit-d. dci^riidL\tiori 
ill i!ic abdiiv lo pt tdticntially nuik inl)r-rd pAienLs oc- 
currr:d U>v d\[ h^bvkU and fof all iCLi ot SSR (i>0, 100, 
and l^'^"' Uxi) cNcepr for hybrid :">-U7 wlirn rl.ita from 
1*:),^ SJ>R 'oci were used. Ovt.r all live bybnds. u'st: of 100 
loci itrtpioNcd robu^uicss fioi^-i the use of 50 !oci; uf^e 
of 105 loci further iinpioverl mbii^tncsi for four hybfldN 
CHIT, ^^r,^?:.. 3905, und 3940). The degice of improve- 
ment \v;»s ^inall. except Tor hybrid 3905. 

We Aho tnnked mbredv jcroi^hniv to Their probubililv 
of ai!f.c.'.sii V of Vivb: ids wiien bodi p.u r ^uirl all inbred 
derivattvei aiul fuH-sistcr inbred.s o! the respective in- 
Ui td p<ircnti fur tAch hybrid were cxckif:l<'<:l fi'om the 
aruilvsis. The resLili^^ -iie too voluminous to promt here 
bui cria be suniman/ed as follows: Using P - 0-50, a 
i;T-«aldpAi ent of Cdch i'C:5p^cti\e hybrid ranked luK> Hrst 
plaee for 41 (767o) hvbridv; proh:dMluic> ranged froTn 
0. 1976 lo 1 0 .ind most were above O O*-?^.^^. Other classes 
oi inbreds OrAl ranked in first position for probability 
(jf Ani:cstnr were inl^rrcLs denvcd dirccdv bv pedigree 
troui CI g;randparent of the resprinive hybrid (DGP) foi 
1"% ot Itvbrids, inbred^ denved direcrly bv pcdit^rce 
from a greAt-^randparcnt of ihe rrspective hybrid 
(DCOP) for O'^'c of hybrids, and one class {2% of hv^ 
biit'U' nidi an inijinl ranked into fir^L plaCt; that wii:i 
directly related by pedigree to the ^rreai-ijreat-grandpar- 
cmL of that hybrid, litbred?; that ranked in ^trcorul posi- 
iioi! were related to rhr respective parciiii of llit: hybrid 
f..>;iow>. Th.' t ^--M-ir^ r>7^' .-if h^hr-ds) were .\ ;:;randpar- 
rr'i rd die rcspectiNe hNEji-id. 11 (20-o) were cla^^^f^d as 
DCF. ^7 I,* 9 ) were DGGP, 1 {^-" ^ 'vai class DCCG? 
and 4 ^^^:.lc a e.if-^: j- n lp,ii r;K 'Ch.T'.) of tiir 

rcspcc:ue rivbnd. Over ail nvo of the ff.im 

i^randpaiCiys ranked into hrsi and second posmons tot 
(4:V-Y, of InbndsJ; ih'.ee grand pare:ns ?:inked into 
the riv-i direc posidons for 5 (9^^. of hvbnd:i). There 
n3 i:i>iance<; where all four i^randparents ranked 
ii^.io the hrU Io'-m' po^nions. Thn tv h\)>it(!s iiari a i^rand- 
D.neni rar:kcd into hi"?' posinon usm^; /* ^ 0.00. Tlv» 

I ■■■-■-v n T-.,,L-[-' !->"■■ mr* Pl^-..' T^'>~-i- 



The i>jes:dcnt use of paLcnnl^ lodicc^ rU.rtUjnstrates 
thai ii i> idvanta^eoti^ to have explicit p[ obiibihr.es ot 
ance^liv m; ftutini;ia;sh among <Jilh-ren[ pcclr^rees Met- 
Iccukn iii.irkti pr(.)fik^ are T^tj^ic.lly brromii li; uM>rc ex- 
tensive and 1 <*>'^r cdfectu'c to i^erienile. lentin-r'? rhat \s'oiild 
adxatiLC iiir srar;.^tical analvsis of [noleenkn m.irkt.T data 
to proMde e\|'>licit probabihties of aneesuy ir.rhidc the 
abdin to caletilaf.e probabilitior^ of anrestp.' where there 
is no a pyicn iiiforniaiion as to the iclentirv of our (usually 
the inateriijl) jrtrmt and robustness m the far e of labo- 
ratory error. 

Maiiie inbred lines and hybrids provide a ver v exacun^ 
set of materials for esaluadng the discriminafor v abditie-i 
of molecul'ir data and stausdcal proccrduofrs that aie 
employed lo interpret tliose daUi. Hm-idred> of rT\ai/e 
inbred iinr> ui knouii pedif^ree togetiier encompass a 
f^reat .Jiversiu anrl com pi exit)' of pedigree rclauonslnps. 
Some inbr ed lincs can be ve'y Inghlv related and geneti- 
eahv siinilj.r due lo thcr deri\>i:iori froni common p^;- 
entage mrlnrlin^T fiom parents that are themseh'es highly 
related. C;onsequcntlv, rcladon.ship categories ^uch as 
"bisLer" <)i parent" when applied to maize inbrecb trsvi- 
ally refer lo rioscr deforces of pedigree relationship and, 
tlitis, ofgennplasiii and mokcular mai'kcr prohte sinn^ 
hinlv ilv.i:i those of the equividently nan^cd clashes of 
relauonship for aiumal species. Mo-?? maize hvbnds th.M 
are widely it>ed m the United Stales todav ^ire con- 
structed from pai:^ of inbred lines thai ai e unrelated 
bv pedigvce. each in!.>red parent ha\ini^ been bred from 
a separate pool" of ^ormpla.sm. \'anous dei^refS of relat- 
cdness aie possible bctwem liybiids according lo rhe 
pedigree rekitionslVips among d>eir ronstituent inbred 
paren Ls. 

Using - 0.99 in the algoritl^rn is more speeiht. k-..r 
idcndfviTig parenrs than tiding P — 0.5O. However, /' — 
0 99 IS lc>s rolniM toi ideiiuh'in^ other relanvo^ .such 
:ls vj;t and parents VX'iien ihe algorithm ^sas n.m at F = 
O.iltO there were f't hvbrids tor whi:.h (->iie p.Lit;nt did n^jt 
r.Tnk am<:n:j; ine Il>;.! '^v-^^ n^o^: probable genor\pcs. For 
die irirLranm^- 4^ nvl.M m.ls d"ie ooiTcct parem- wn e icci> 
11 [Vd even ?:i lim 'nn^(anres where odier c.nndidatc in- 
breds h^cliidcd not otOv bill-sisTcr Imcs bred fTom re- 
lated parents but also inbieds e^en more clo^elv related 
to the true p.irent by virttie of bemg backcross coivvvr- 
.sions of die nd.):rrl parent of the hvbrifl. For each ot 
liir tj iubnci^ 'vvtirtr .1 nonpatent ranked aho\e a tru.e 
paieriT. xh.W lui^her fankf-rl inbred \s-as ah^-i'.^ either a 
-iv-j-r -'t- \-^\-n'jru\ '>i [he oun.vil^cil true ;>Jieii: The 
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ln^■>^r^'l A' lui.s hr^w hi cfl l'\0)u cross itibrcds A ai^l 
U \wili bLi\vv^. ii oui. .i;ui L^NU iKlt.li i'^ 'II. l! h.n_'<Lrcj?> l>i 
tlir parcnuil ifi[.>it:(l .A. ANLilOei.^* c cirrTie ieaL of rc^ii loi i- 
shi|> tj[ n>J(i^^() (:l<>sel'. ,ipp: o\imi.l:i;s .i rLUuic:>ns;u,,> l)t - 
iwccn nilMttK A ni)d A" w-irrf^ fr.Lir 'aclditi(.wKiI bufk- 
rrosscs ot p:ii'eiiial iiiOrtrd V folUiv. ihc iniLial Lruss of 

Ruriiun- tlic al;:;oTi'Jini .ir () 99 in eomp-.ii ison to 
raises the pinl:),ibilii\' ofaiiccitr)' for tbr; prU-enLs 
vvlulc (biriitiislilng the- prc^hAhilitie.^ for the thud :ind 
lowor lankm;^ candid^ro: mbrcd lines, L\c fbe algo- 
nihni at F = O.'jO increased boiii itic- perrent.v^c >A 
hybrids widi lv:>th parents ranked iu die fust two posi- 
tions (trom to 96%) and dir percentage ot'painiciil 
inbrcds diat were lankril bm and second {trom to 
Two hybrids (3911 and X0913A) did t^Ot have 
both pareiUii ranked fii3t iind iieeoud when tlic :iltJ<> 
rithm wa^ run at P = 0.99. For both of d-ie;;e hybrids 
the nonpureiiuil iabi^d thrit nuir.mlCGd the true ivarenl 

\vn.'; ir-,t/lf a p:oduct hv p>;di'Jive from ll"ie trvc parr^iil 

that hiid beert crr'^ed by in additional tuiu b.Ji. kri'os.^cf 
of that parcru; Liie VlTilecot coeffLcieul of r^rlarionihip 
betu-een ihe parent of the hybrid ;.-uid the inbred th;a 
outrankc-d that parent tor thc^r two hybrids was 0.^630. 

Robustness was tested bv rvalurtrinfr the effeeis of vis- 
ing data from ditfereni. numbers of loci and by ^ir^inlat- 
additional levels or'TTUi>su»g and n^isscorcd d:ua up 
lo combined leveU of 23^c ei ror beyond that wh\ch \V7)s 
proi^ided by dir laboi^ioiy. From our expciience, eiTor 
rates of 5 to 10% can rjccan in SlSR profiling of tnaize 
d\ie chieflv to ihc conibined effects of reiidi.uil heteroz\^- 
li^ositv tunong seed lor.s and hv dcficieneici ihe sconng 
of hetero^vgoie^ in hybrids. The additional levels of 
simulated error, diercfore. ineludtr vainer (up to ' -^5% 
total cn or) that arc well outside of (.)ur- evpcricner, L-oi" 
hv<: Ivvbi ids that were examined, inci^easini^ tlie number 
of loci from 50 to TOO (wiih no additional ini.ssing or 
niis-scorcd &diA) did lednre the number of in>tanccs 
wh.crc inbredb ih-r. were nor, parcnti- of a Inbnd out- 
rr.nked d:e irt'^e oarent from four to one. N'onethelesLr 
all el- ilie^e more h:crhlv ranked Wit^iefU. ahhougti ihev 
were ;TOt :hem5el',e^ :he i-ur p:Hren:s nf :bf; frs[>rr:ivc 
bvbiid. wcm; riti^ri diir-rt prOi{^^nv or full siotci o\ the 
iitie paicul vTdbie 2V (^ioti^eque ndv, if :;uc:i degrees of 
error can be toleraict.! in respeciof pedii^recs for iubrcds 
ihat arc idcnufied as pai enrs of hybrids, tlien SSR data 
ftom 50 loei of equivalent discnmmaliof i ability' are 
sufficient. Lse ol <:lafa from 30 loci also evidenced n> 
business in ifir iViee rf up to irKT- aridinoival levels ol 
either nil nt;; rvr tnissrorec! fkua. no ( Le;';radaUe>n m die 



N.T f-' :< ' 'A A . :iu-.i:- f - i j 'ar l :i ;^ 



k\el3 <d <;fior: Table 31. U'^e f>f fla!a from l'.»5 ioei 
p!M'.tnrti ^it:at(-L iLsi ! i L-n(. \- a;^aiUNL add:;ii)Ual levels oj 
O'K'V f Inurver. u^e cT data born r.,l^> IO( i \v;i.s unable ira 
pr')\idr Te^dieUL;- aL;a.:i-l "kr mc^.hwl efic^.ts ol adrai;^ 
Cf.Miihir.ed Ic'/els i'al-;f>'t } ofhoib i russmi^ and rntsNrorrd 
d;iia (Table 3'-. At fJiO "^o^-c levfl ut adduioiuil poor dar-; 
ioro'^n-uv. mbred^ Lhai w^*re noL lelatt-d to the o ne |)ai r:-it 
the Iwbnd outranked Ltie u nr' parent fo: four of the 
b\e hvhrids. Levels of nn:>sin<; Oi mi.sscoted data slioidd. 
ilierefore, be kept belorv ! "v-'2f} •'r- (.i^Manui^ a level of 
Vd'^V^o error in the data we analy/.ed p^^^}v to simnlatin'^ 
additional error). 

have pTevirnislv ocaniiuefl die prdi^recs ot ut- 
brcds ihdi are ranked uuo the first two poRitions when 
the Uue parents ;.irc lenu'n'ed froui the list of caudidatc 
inbred lines. L'siutlty, du'eet progeny or full sisters of 
die true parents then rank most higldv' (rlara not pre- 
sented) .We therefore examined the i arikint^s of inbreds 
with resprcc 10 tiicir rankiiytjiuui pitjbabLlitv' of uiclusion 
ii-. rnr aiK esny oi' Cach hybrid iifie: llie reiiKjvak Tiol 
only of the tme parooT.*;, hut also of the pM.igruy of the 
T.n.ic parents and any full .-visiters of the true pai'enLs. In 
these circumslaoce-S the c^'andparenis of d^e hybrids ar*; 
ranked predominantly into top positions. Using P = 
0.50, a grandparent ranked ituo first posidon for 70-T(. 
hvbnds and into second po-?ition for 57% hybnds; with 
F - 0 99 a grandp.irent ranked into first place m bO% 
of hvbrids. At P = 0,50 Lv.<.) grandparents ranked mio 
fir-;r and second poiiiuoiis Cor 4:^% hybnds ;uid into the 
fu^i three posmons tor au addiiional 9% hybrids Vfosr 
of the remammg inbicds thai ranked into die top o.\o 
positions were piu^criy of the [^randpat em. A total of 
lOS gi"andpareius ranked into the top bve positions 
\vhen F = 0.50: 93 i-ankcd into thoe positions ^vhen F = 
0.99, SevciiLy-one grandparent:i raTrked into the top tv.o 
positions when P ^ 0.50; 55 grandparents ra^iked imo 
thrse positions T^'he^ P - 0 99. The mean prohabilit\ 
of a rrrruidpiueiit in [lie top two positious wa.s 0.928:? 
fSD n.l454) whrr. f - 0 50 and 0 9980 {SO 0.0104) 
wjici^ P ^ 0.09. Our alizonthm w,is vwurm to idenub 
p,u's ul" .niresior.s; alternative al-^orlrhms could be i-i- 
loird U) ideniih- ad -randp.u erir^ once parent; k^ad been 
i-ienuhed and removed iVon^. the list ot e.n n late in- 
br'^:ds. 

We have demonstratetl die rapabilirv an(_l robustness 
of nn alqorithni ihat can be used to sluj-.v jjrobability ot 
parenta^^e in ue uni>iaur.es where the a /mort pcdii^ree 
idcntiD. of neither parent ts known LxeUisionsare taken 
into accotnit. ifierehv allo\s'ini^ p,re:iia':;e to be sho^vu 
c\eo \'^'hen tlir I wo parents are un\ represented m rl^e 
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0. A l^.-i 

in lIh- <pccl';^ ni inu-icst L\irv-c ^ i'.'*^* rompinccl to 

wuh A i;rciit<'.'r cliftcrcucc ot pT(>b:Lhiliu L(j ihitxi pLxccd 
ni.Hip.ii c:U^. If t:K.:c IS rca-^ni m I Mt. .ismii;ijui Lb.at ihc 
p.iictu^ iTr ;iMir>n(j the caiidifkuc list of lahrccU, then 

= 0,(^1) siuiLilrl be L.sr<l. iJ' gre:\;tLr robustness tr- 
qiiircd. rlu-a 0,30 >l\(>uld he u>ccl 

Applir.itions of oui .\l-o: irhni inciudc tlie iOciHtdr.i- 
lion of pcdi;^"rctii anv.mi^ itiflu iduals ol phuu or annn^i] 
species uhcrc molecuhur profilr- dara.scLs exist diac can 
be inierprcted m lerrTib of ^;rgre|:Tati]■lt^ alleles? at inrlivid- 
u;l1 marker loei ut'.d iHal provide a sutricieni power ot 
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